Intracellular transport is driven by molecular motors that move along cytoskeletal tracks and is responsible for delivering organelles, vesicles and macromolecular complexes to various destinations inside the cytoplasm. For microtubule-based transport, kinesin motors generally drive transport toward the plus (fast-growing) ends of microtubules in the cell periphery, whereas cytoplasmic dynein ferries cargo to the microtubule minus ends in the cell center. Two outstanding questions are: to which cargo(es) is each motor linked and how is transport to specific destinations regulated?
Work over the last 5-10 years has begun to answer the first question, because specific cargoes of individual motors have been identified. In many cases, the motor-cargo linkers have turned out to be scaffolding proteins with previously identified functions in organizing signaling pathways [1] . So kinesin motors drive the transport of scaffolding proteins and associated signaling molecules to specific cellular destinations. But are the signaling components merely along for the ride or do they play a role in regulating their own transport motor?
Support for this latter possibility now comes from work by the Saxton and DiAntonio labs [2] , published in a recent issue of Current Biology. Previous work showed that the microtubulebased motor Kinesin-1 binds to proteins of the JIP (Jun N-terminal kinase (JNK)-interacting protein) family, which were first identified as scaffolding proteins for the three components of a JNK signaling pathway -the mitogen-activated protein kinase kinase kinase (MAPKKK), mitogen-activated protein kinase kinase (MAPKK), and mitogen-activated protein kinase (MAPK) (Figure 1 ) [3] . Kinesin-1 activity is required to transport JIPs and associated signaling proteins to axon terminals in neuronal cells (Figure 2A ) [4, 5] . Overexpression of JIP1 blocks JNK signaling in non-neuronal cells [6] , presumably by diluting out signaling components, and causes defects in axonal transport in neuronal cells [7] , presumably by diluting out transport components. In a screen for suppressors that would alleviate the transport defect resulting from JIP1 overexpression, Horiuchi et al. [2] identified fat facets (faf) as a new player in the regulation of Kinesin-1-dependent transport.
Faf protein was previously identified in Drosophila as a deubiquitinase that plays a positive role in synaptic development [8] . Faf activity is balanced by Highwire (Hiw), a member of the Pam/Highwire/ RPM-1 (PHR) E3 ubiquitin ligase family that negatively regulates synaptic morphology and function [9] . One potential mechanism by which Faf and Hiw play opposing roles in Drosophila synaptic development is their antagonistic regulation of Wallenda (Wnd), the MAPKKK component of a MAP kinase signaling pathway [10] . Similar studies in Caenorhabditis elegans have shown that the PHR ubiquitin ligase RPM-1 negatively regulates the Wnd homolog, dual leucine zipper kinase (DLK)-1, during synapse development [11] .
So could Wnd be the link between the deubiquitinase Faf and Kinesin-1-mediated transport of JIP1 (APLIP1 in Drosophila)? Indeed, Horiuchi et al. [2] show that overexpression of Wnd can also suppress the transport defects that arise from overexpression of APLIP1. Furthermore, loss-offunction mutants of Wnd (the MAPKKK), Hemipterous (Hep, the MAPKK) and Basket (Bsk, the MAPK) caused axonal jams, similar to what has been seen in Kinesin-1 loss-of-function mutants. These results implicate the Wnd-HepBsk MAPK pathway in regulation of axonal transport. Similarly, in C. elegans, a p38 MAPK pathway associated with UNC-16 (the JIP3 homolog) has been shown to regulate axonal transport [4] .
What is the mechanism by which the Wnd-Hep-Bsk pathway regulates axonal transport? Horiuchi et al. [2] demonstrate that coexpression of wild-type Wnd or Hep, but not kinase-dead mutants, decreased the interaction between the Kinesin-1 motor and JIP1 cargo as measured by coimmunoprecipitation assays. These results suggest that the signaling components assembled on the JIP1 scaffold directly regulate the motor that carries them. In this case, regulation acts to release the motor-cargo linkage.
The results of Horiuchi et al. [2] are the first demonstration of how cargo is unloaded from a motor protein at the end of the journey. In addition, these results provide at least one mechanism by which ubiquitination controls axonal transport and synaptic development. Now the stage is set for the investigation of many more questions. First, how is the unloading of JIP1 from Kinesin-1 controlled spatially and temporally? The answer may depend upon identification of the upstream signals that control the balance of Hiw and Faf activity, and thereby the levels of MAPKKK protein and MAPK signaling, at the axonal terminal. Second, how does regulation of the levels of MAPKKK by Hiw and Faf affect signaling through this MAPK pathway? Work in mammalian cells has shown that a strong interaction between DLK (MAPKKK) and JIP1 keeps DLK in a monomeric and inactive state [12] , but Horiuchi et al. [2] have shown that Wnd (MAPKKK) does not interact with APLIP1 (JIP1) under basal conditions [2] . Third, does signaling through this MAPK pathway regulate other Kinesin-1-mediated transport events? Since JIP scaffolding proteins contribute to only a subset of these transport events [1] , it will be important to determine whether this signaling pathway controls unloading of other Kinesin-1 cargoes. Finally, do MAPK pathways control transport events mediated by other microtubule-based motors? Several studies have hinted at this possibility, as JNK inhibitors cause a decrease in axonal transport in isolated squid axoplasm [13] and another MAPKKK in the JNK pathway, mixed lineage kinase (MLK), directly interacts with kinesin-2 and colocalizes with JNK on microtubules [14] . Other MAPK pathways such as the MEK-ERK and p38 pathways have been shown to regulate microtubule-based motility of melanophores and nuclear targeting of adenovirus particles, respectively [15, 16] . Particularly relevant is a recent report from the Jansen lab studying ciliary transport in C. elegans [17] . Ciliary biogenesis and maintenance depend on a highly conserved transport process, intraflagellar transport (IFT), in which ciliary structural components and signaling molecules are delivered by two IFT motors of the kinesin-2 family, heterotrimeric kinesin-II and homodimeric OSM-3 [18] . In C. elegans, genetic screens have identified a wide variety of IFT components -for example, dye-filling (dyf) mutants often have defective cilia in the exposed sensory neurons that can take up fluorescent dyes. Previous work has shown that dyf-5 encodes a predicted serine/threonine kinase homologous to MAK kinases, a subfamily of MAPKs with unknown function [19] . The recent work of Jansen and colleagues [17] showed that mutations in dyf-5 affect cilia length and morphology as well as the coordinated transport of IFT particles by the kinesin-II and OSM-3 motors ( Figure 2B ).
So trafficking and signaling pathways collide. Signaling complexes transported by microtubule-based motors are not just passive passengers. Rather, the recent work of Horiuchi et al. [2] and Burghoorn et al. [17] suggests ways that signaling pathways can regulate their own, and possibly other, transport events.
A recent study has shown that Jacky lizards adjust their movementbased visual signaling in response to the varying environmental conditions; the results indicate that this species has highly sophisticated communication and sensory processing strategies.
Johannes M. Zanker
Communication usually involves the targeted exchange of information between a sender and a receiver, using a mutually agreed code. Evolution has shaped a rich spectrum of communication systems amongst animals, exploiting a striking range of channels for transmitting information [1] . We find cases of third parties tuning into signal exchanges to eavesdrop, as well as cases in which misleading signals are sent to unsuspecting receivers -camouflage, encryption and code-breaking are some of the more thrilling 'information management' strategies that are used not just by humans. Communication across species boundaries, however, is comparatively rare and rather limited in scope, usually characterised by one-directional information flow, as in Batesian mimicry [2] , and often reflecting
